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Ganesan et al. introduce a new and simple approach
to specifically monitor the presence of proteins
containing APSs (aggregation-prone sequences) [1].
The authors use APS motif peptides to achieve
specific binding to the target protein, and biotinylation
of the peptide for sensitive detection in a Western-
blot-type assay, which the authors designate as a
PepBlot.
The idea is interesting: β-aggregation is mediated
via homotypic interactions of short motifs, and each
molecule donates the same interactions to the fibril. In
a cross-β fibril, individual molecules come together
in parallel or antiparallel β-sheets that stack via side-
chain interactions, forming steric zippers [2]. While
seeding can effectively remove the lag time of
β-aggregation, cross-seeding is remarkably ineffec-
tive, demonstrating the preference for homotypic
interactions [3]. This result begs the question: is it
possible to exploit these homotypic interactions of
APSs to specifically detect proteins? Ganesan et al.
show support of this hypothesis for one Escherichia
coli aggregation-prone protein (β-galactosidase) and
two human proteins (C-reactive protein and prostate-
specific antigen) [1].
The idea to take advantage of homotypic inter-
actions underlying β-aggregation has previously been
exploited in Grafted AMyloid-Motif AntiBODIES, or
gammabodies, in which an aggregation-prone short
protein sequence is grafted onto the complementar-
ity-determining region of a single-domain antibody [4].
Gammabodies confer detection specificity and sensi-
tivity comparable to that of regular antibodies obtained
through immunization [4]. In the current report,
Ganesan et al. show that it is possible to remove the
antibody portion until only the aggregation-prone
peptide is left [1]. These probe peptides confer
specificity to the detection of the target protein in
crudemixtures such as bacterial lysate and blood ander Ltd. All rights reserved.seminal serum, and they have similar sensitivity to
immunization-derived antibodies [1].
APS probe peptides may thus replace immuniza-
tion-derived antibodies for the detection of aggre-
gation-prone proteins in pathology applications
and in research. Advantages include their modest
price, easy storage, and simple designability using
predictors of APSs. The peptides offer motif-specific
recognition, whereas obtaining such antibodies
through traditional methods requires extensive
screening to distinguish them from antibodies
that recognize composite epitopes, or from se-
quence-independent, conformation-specific anti-
bodies that recognize fibrils or toxic oligomers.
Before the widespread use of the biotinylated probe
peptides in PepBlots, the following few open questions
remain to be explored:
(1) Which protein conformation do the probe
peptides recognize? Some gammabodies have
been reported to bind to fibrils only, while others
recognize monomers, β-sheet-rich oligomers, and
fibrils [4], the three major species thought to be
involved in β-aggregation (see Fig. 1A). The cause of
these differences betweengammabodies is unclear at
the moment but its elucidation will be necessary for a
better understanding of the PepBlot and hence the
possibilities and limitations of its use.
(2) How accessible does the APS in the protein
have to be? Many aggregation-prone proteins such
as α-synuclein, Aβ, and tau are largely intrinsically
disordered, offering ready access to interaction
partners and probe peptides alike. On the other
hand, most folded proteins contain APSs that are
usually prevented from aggregating by their inac-
cessibil ity [5]. Even transient exposure of
these motifs through breathing motions of the folded
protein core, by mildly denaturing conditions, or by
shear forces yields ready aggregation; this is likely the
reason why most proteins can be induced to produceJ. Mol. Biol. (2015) 427, 221–224
222 Commentary: Short Peptide Detectivescross-β fibrils. The question as to the accessibility of
the APS comes to light in the context of the surface
plasmon resonance experiment reported by Ganesan
et al., in which β-galactosidase was immobilized on
the chip and probe peptides passed over it. The
authors observed binding of the aggregation-prone
peptides to β-galactosidase but not of other hydro-
phobic peptides [1]. Why was the APS in the folded
core of β-galactosidase accessible under native
conditions? A clue may lie in the complex kinetics
of the surface plasmon resonance profiles [1]. The
binding events may be preceded by opening of the
protein and may include initial weak homotypic
interactions, conformational rearrangements, and
subsequent co-aggregation [1] (see also Fig. 1A).
Incidentally, the sensorgrams did not plateau but grew
steadily, suggesting the possibility of growing fibrils on
the chip. APS probe peptides may enable us to
investigate transient unfolding events in proteins.
At least in denaturing environments such as
SDS gel electrophoresis, which exposes usually
occluded APSs, the use of probe peptides will not
be restricted to the detection of typical aggregation-
prone proteins but should be useful for all proteins
with aggregation propensity in their folded
structures.
The development of APS probe peptides may offer
insight into open questions regarding the cellular
function of APSs:(1) Why is aggregation in cells usually not
a catastrophic event involving the collapse
of the full proteome but rather a slow process
that may erode function over decades
before giving rise to a phenotype, that is, a
disease? Aggregation mostly involves
individual or few protein species, although
the cells' attempts to first prevent and then
clear the deposits may explain the presence
of additional proteins in aggregates. Given
that β-aggregation is a highly sequence
specific event, as demonstrated rigorously
previously and exemplified in this study
by mutational analysis of the interaction
between probe peptides and β-galactosi-
dase [1], co-aggregation in cells should be
determined by the redundancy of APSs
in proteomes. Ganesan et al. used the
algorithm TANGO to predict β-APSs in the
E. coli, yeast, and human proteomes and
showed that ~80% of APSs are unique [1].
Only a few APSs, particularly short motifs,
are found in several proteins per proteome.
When the authors allowed up to two muta-
tions, the number of similar motifs rose
considerably. Given their observation thatindividual amino acid substitutions weak-
ened the recognition by probe peptides
significantly, Ganesan et al. propose that
the specificity of cross-β interactions com-
bined with the low frequency and near
uniqueness of a given APS explains the
homogeneity of protein aggregates [1].
(2) Has evolutionary pressure ensured that
APSs are nearly unique in proteomes? A
look at gene duplication events may help
answer this question, as Ganesan et al.
suggest. In Fig. 1B, we compare the se-
quences of a number of typical aggregation
prone proteins with those of their paralogs,
which have resulted from gene duplication
events. Indeed, the aggregation-pronemotifs
have different sequences in the paralogs.
These paralogs are not typical causative
agents of protein aggregation diseases,
suggesting that their sequences are less
aggregation prone. If evolution was readily
able to select against APSmotifs in oneof the
duplicated genes, why not in the other one?
Does this indicate that theAPS in one gene is
not merely an accident but rather functionally
required? Of course it is possible that APS-
bearing proteins are an insignificant burden
on the proteostaticmachinery in the cell in the
absence of further perturbations, and thus,
APSs were merely tolerated rather than
actively selected.
(3) If they are actively selected, what could the
functions of these APSs be? Recent work
has highlighted the role of functional aggre-
gates, for example, the role of yeast prions in
the adaptation to environmental changes [6].
The amyloid form of the neuronal cytoplas-
mic polyadenylation element binding protein
(CPEB/Orb2), which regulates mRNA trans-
lation in synapses, plays an important role
in maintaining the morphological changes in
the synapse that determine the molecular
basis of long-term memory [7]. A body of
evidence indicates that a self-perpetuating
conformational switch of an aggregation--
prone segment is responsible for a robust
“protein-only” memory [8]. β-Aggregation
may be used by nature to toggle decisive
switches for the long term.
(4) Are cross-β interactions in the low-complexity
sequences of RNA binding proteins the basis
for protein self-association and hetero-
association underlying the formation of RNA
granules in the cytoplasm, as recently
(B)
(A)
Fig. 1. (a) Protein β-aggregation landscape. Protein monomers may undergo folding, unfolding, self-association into
oligomeric states, and fibrillization. Probe peptides, comprising APS motifs of proteins of interest, may employ homotypic
interactions to bind to several of these states and may thus offer opportunities for their characterization. While many of
these states have been viewed as non-native and some may promote disease, nature takes advantage of such species
also for cellular function (indicated in gray underneath the respective state). We do not know the natural functions of
β-sheet-rich oligomers, which are viewed as the toxic species in many protein aggregation diseases. (b) Amyloidogenic
sequences from aggregation-prone proteins are not present within paralogs. Sequence alignments shown for
aggregation-prone protein sequences (α-synuclein; Prnp, Prion protein; MAPT, microtubule-associated protein tau;
APP, amyloid precursor protein, the precursor of Aβ) and their corresponding paralogs. Amino acids are colored by
property (red, hydrophobic; green, polar; pink, basic; blue, acidic) and residue numbers are annotated at both ends of the
peptide sequence. The similarity between sequences is shown visually below each alignment [weakly similar (.), similar (:),
identical (*)]. Alignments were generated using Clustal Omega [12]. Amyloidogenic sequences as identified in Refs. [13]
and [14].
223Commentary: Short Peptide Detectivesproposed [9]? In a typical cross-β fibril, the
off-rates of individual molecules are likely too
slow to explain the dynamic incorporation of
protein molecules into and release fromRNA
granules [10]. However, may homotypic
interactions of monomers be at play, similar
to the ones that may be the basis for the
recognition of protein monomers by gamma-bodies? In the absence of a fibril, that is,
without a conformational template that locks
in favorable interactions and gives rise to
a high affinity and slow off-rate, are similar
interactions by the same motif able to give
rise to weak, transient interactions that
support the dynamic nature of RNA gran-
ules? Or are other types of interactions in the
224 Commentary: Short Peptide Detectiveslow-complexity domains responsible for func-
tional, dynamic interactions while cross-β
interactions are only adopted in pathological
states related to ALS and dementia? Recent
optical tweezer investigations of early steps
in α-synuclein aggregation demonstrated a
multitude of structurally different but transient,
isoenergetic oligomers [11], suggesting that
the transient interactions preceding fibrilliza-
tion aremore diverse than homotypic cross-β
interactions.
Ganesan et al. present evidence that short probe
peptides can easily be designed to specifically target
amyloidogenic sequences within aggregation-prone
proteins. A mechanistic investigation of the protein
species these aggregation-prone peptides recognize
has the potential to lay the groundwork for answering
numerous questions regarding the role of homotypic
interactions in protein self-association and cellular
function (Fig. 1A), in addition to addressing the
peptides' use as diagnostic agents.References
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